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Introduction {#cncr32873-sec-0005}
============

Patients with human epidermal growth factor receptor 2 (HER2)--positive breast cancer who have residual invasive disease after neoadjuvant therapy have higher rates of recurrence and death than those with a pathologic complete response.[^1^](#cncr32873-bib-0001){ref-type="ref"}, [^2^](#cncr32873-bib-0002){ref-type="ref"}, [^3^](#cncr32873-bib-0003){ref-type="ref"}, [^4^](#cncr32873-bib-0004){ref-type="ref"}, [^5^](#cncr32873-bib-0005){ref-type="ref"} In the phase 3 KATHERINE trial, adjuvant treatment with trastuzumab emtansine (T‐DM1), an antibody--drug conjugate composed of trastuzumab and the microtubule inhibitor emtansine, significantly lowered the risk of invasive disease recurrence compared with adjuvant trastuzumab in patients with residual invasive disease after neoadjuvant chemotherapy plus HER2‐targeted therapy (hazard ratio, 0.50; 95% CI, 0.39‐0.64; *P* \< .001).[^6^](#cncr32873-bib-0006){ref-type="ref"} All‐grade adverse events with at least a 10--percentage point increase in incidence in the T‐DM1 arm compared with the trastuzumab arm were fatigue (49% vs 34%), nausea (42% vs 13%), platelet count decrease (29% vs 2%), aspartate aminotransferase increase (28% vs 6%), headache (28% vs 17%), alanine aminotransferase increase (23% vs 6%), epistaxis (21% vs 3%), peripheral sensory neuropathy (19% vs 7%), and dry mouth (14% vs 1%). The majority of these were grade 1 or 2. Compared with trastuzumab, patients receiving T‐DM1 also had overall higher rates of grade ≥3 adverse events (26% vs 15%), serious adverse events (13% vs 8%), and adverse events leading to treatment discontinuation (18% vs 2%).

Patient‐centered outcomes are well recognized as important treatment assessments across multiple disease states, including breast cancer. The International Consortium for Health Outcomes Measures recently identified an optimal set of patient‐centered outcomes for patients with breast cancer.[^7^](#cncr32873-bib-0007){ref-type="ref"} These outcomes were broadly categorized as survival and cancer control (eg, treatment outcome measures, such as overall survival); disutility of care (eg, incidence and severity of acute adverse events); and degree of health (eg, overall well‐being and patient functioning in a number of aspects of daily life). Degree of health measures are exclusively patient‐reported. The Consortium recommended the European Organisation for Research and Treatment of Cancer Quality of Life Questionnaire--Core 30 (QLQ‐C30)[^8^](#cncr32873-bib-0008){ref-type="ref"} and the QLQ breast cancer module (QLQ‐BR23)[^9^](#cncr32873-bib-0009){ref-type="ref"} for measuring cancer‐specific and breast cancer--specific quality‐of‐life (QOL) outcomes in all patients regardless of treatment. Key categories identified for patients with breast cancer included overall well‐being, physical functioning, emotional functioning, cognitive functioning, social functioning, pain, and fatigue as measured by the QLQ‐C30, as well as sexual functioning and body image measured by the QLQ‐BR23 (Table [1](#cncr32873-tbl-0001){ref-type="table"}).

###### 

Patients Completing at Least 1 Question on the EORTC QLQ‐C30 and QLQ‐BR23 at Each Assessment Time Point

  Assessment Time Point         QLQ‐C30        QLQ‐BR23                                                              
  ----------------------------- -------------- ------------------------------------------------------ -------------- ------------------------------------------------------
  Screening                     632/743 (85)   655/743 (88)                                           630/743 (85)   655/743 (88)
  Cycle 5                       592/674 (88)   610/684 (89)                                           591/674 (88)   610/684 (89)
  Cycle 11                      528/613 (86)   529/636 (83)                                           527/613 (86)   528/636 (83)
  Trastuzumab discontinuation   584/743 (79)   58/73 (79)[^a^](#cncr32873-note-0005){ref-type="fn"}   584/743 (79)   58/73 (79)[^a^](#cncr32873-note-0005){ref-type="fn"}
  T‐DM1 discontinuation         0/0 (0)        526/743 (71)                                           0/0 (0)        526/743 (71)
  Follow‐up month 6             446/621 (72)   496/667 (74)                                           446/621 (72)   496/667 (74)
  Follow‐up month 12            414/568 (73)   458/628 (73)                                           414/568 (73)   456/628 (73)

Abbreviations: EORTC, European Organisation for Research and Treatment of Cancer; QLQ‐BR23, Quality of Life Questionnaire breast cancer module; QLQ‐C30, Quality of Life Questionnaire--Core 30; T‐DM1, trastuzumab emtansine.

Data are presented as the number of patients with assessment/number of patients in treatment arm (%).

Patients who discontinued T‐DM1 because of adverse events and had switched to trastuzumab.
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In the KATHERINE study, the patient‐reported outcome (PRO) objective was to compare PROs between treatment arms using the QLQ‐C30 and QLQ‐BR23 to more fully characterize the clinical impact of adverse events associated with T‐DM1 compared with trastuzumab. These PRO data are presented here.

Materials and Methods {#cncr32873-sec-0006}
=====================

The KATHERINE study was a randomized, multicenter, open‐label, phase 3 trial (NCT01772472/BO27938/NSABP B‐50‐I/GBG 77), the methods for which have been reported previously.[^6^](#cncr32873-bib-0006){ref-type="ref"} Briefly, eligible patients had histologically confirmed, HER2‐positive, nonmetastatic, invasive primary breast cancer; had received taxane‐ and trastuzumab‐containing neoadjuvant therapy (with or without anthracyclines) followed by surgery; and had residual invasive disease in the breast and/or axillary nodes at surgery. Patients were randomly assigned to receive up to 14 cycles of adjuvant treatment with trastuzumab (6 mg/kg intravenously every 3 weeks) or T‐DM1 (3.6 mg/kg intravenously every 3 weeks). Both groups received adjuvant endocrine and radiation therapy per local standards of care. Patients who discontinued T‐DM1 because of adverse events were permitted to switch to trastuzumab.

PRO Assessments {#cncr32873-sec-0007}
---------------

The QLQ‐C30 is a 30‐item questionnaire that measures overall QOL (global health status \[GHS\]), 5 functional dimensions (physical, emotional, role, cognitive, and social), and additional symptoms and single items. Clinically meaningful deterioration from baseline thresholds for each item are outlined in Supporting Table [S1](#cncr32873-sup-0001){ref-type="supplementary-material"}. The QLQ‐BR23 is a 23‐item module evaluating functioning in several domains and symptoms specific to breast cancer and breast cancer treatment. For both instruments, a higher score on the function and global health scales is more favorable, indicating higher functioning or QOL, and a lower score on the single‐item or symptom scale is more favorable, indicating a lower symptom level.

The QLQ‐C30 and QLQ‐BR23 were translated, as required, into the local language. Investigational site staff distributed questionnaires to patients, who were solely responsible for self‐administering the questionnaires. Questionnaires were completed prior to completion of other study assessments and the study treatment at the site visit. Patients were asked to complete the QLQ‐C30 and QLQ‐BR23 at screening (baseline), at day 1 (prior to treatment) of cycles 5 and 11, within 30 days after study drug discontinuation, and at 6‐ and 12‐month follow‐up visits.

Statistical Analysis {#cncr32873-sec-0008}
--------------------

Summaries of the compliance rates by treatment arm were obtained at each assessment time point. The compliance rate was defined as the number of patients who completed each assessment divided by the total number of eligible patients at that time point.

When scoring the QLQ‐C30 and QLQ‐BR23 questionnaires, if more than 50% of the constituent items were completed, a prorated score was computed, consistent with the scoring manuals and validation studies.[^10^](#cncr32873-bib-0010){ref-type="ref"} For subscales with fewer than 50% of the items completed, the subscale was considered to be missing. There was no data imputation. Summary statistics (mean, standard deviation, median, 25th and 75th percentiles, and range) of absolute scores and change from baseline scores of the QLQ‐C30 and QLQ‐BR23 subscales were summarized at each assessment time point for the 2 treatment arms. For the analyses of change in score from baseline and clinically meaningful deterioration, only patients with a baseline assessment and at least 1 postbaseline assessment were included in the analyses.

The proportion of patients who experienced a clinically meaningful deterioration (or worsening) in symptoms, in their function, or in GHS/QOL were summarized. Assessment of clinically meaningful deterioration in symptoms (score increase) and functions (score decrease) was based on the published thresholds reported by Cocks et al[^11^](#cncr32873-bib-0011){ref-type="ref"} for each applicable subscale (see Supporting Table [S1](#cncr32873-sup-0001){ref-type="supplementary-material"}). A clinically meaningful deterioration in GHS/QOL was defined as a decrease of ≥10 points, based on the thresholds reported by both Cocks et al[^11^](#cncr32873-bib-0011){ref-type="ref"}, [^12^](#cncr32873-bib-0012){ref-type="ref"} and Osoba et al.[^13^](#cncr32873-bib-0013){ref-type="ref"}

Results {#cncr32873-sec-0009}
=======

The KATHERINE study enrolled 743 patients in each arm (trastuzumab and T‐DM1). Baseline and disease characteristics have been reported previously[^6^](#cncr32873-bib-0006){ref-type="ref"} and were similar in both treatment arms. A total of 612 (82%) patients in the trastuzumab arm and 640 (86%) patients in the T‐DM1 arm had both a valid baseline and at least 1 postbaseline PRO assessment and were included in the analysis. Completion rates for the QLQ‐C30 and QLQ‐BR23 by time point are shown in Table [1](#cncr32873-tbl-0001){ref-type="table"}. Of patients assessed at the 12‐month follow‐up visit, 73% submitted valid PRO assessments. Similar numbers of patients completed the QLQ‐C30 and QLQ‐BR23.

The mean baseline QLQ‐C30 and QLQ‐BR23 scale scores were similar in both treatment groups (Fig. [1](#cncr32873-fig-0001){ref-type="fig"}). The mean scores for the QLQ‐C30 function scales ranged from 75 to 86 points, reflecting moderate levels of functioning at baseline.[^13^](#cncr32873-bib-0013){ref-type="ref"}, [^14^](#cncr32873-bib-0014){ref-type="ref"} The mean baseline score for GHS was 71 in each group, reflecting a moderate level of overall QOL. Mean scores generally indicated low‐to‐moderate levels of disease‐ and treatment‐related symptoms at baseline, with notably low baseline scores for nausea/vomiting, appetite loss, constipation, and diarrhea. The mean baseline QLQ‐C30 scores for all scales were consistent with normative scores reported for patients with stage I/II breast cancer.[^14^](#cncr32873-bib-0014){ref-type="ref"}

![(A) Baseline QLQ‐C30 and (B) QLQ‐BR23 scale scores. The maximum possible score is 100. Horizontal lines over columns and associated numbers represent normative QLQ‐C30 scores for patients with stage I/II breast cancer.[^13^](#cncr32873-bib-0014){ref-type="ref"} Vertical lines indicate 95% CIs. QLQ‐BR23, Quality of Life Questionnaire breast cancer module; QLQ‐C30, Quality of Life Questionnaire--Core 30; SE, side effect; T‐DM1, trastuzumab emtansine.](CNCR-126-3132-g001){#cncr32873-fig-0001}

Mean Change From Baseline {#cncr32873-sec-0010}
-------------------------

Similar mean changes from baseline in QLQ‐C30 and QLQ‐BR23 scores were generally observed in each treatment arm at most postbaseline assessments (Fig. [2](#cncr32873-fig-0002){ref-type="fig"} and Supporting Table [S2](#cncr32873-sup-0001){ref-type="supplementary-material"}). No mean change from baseline at any time point in either arm exceeded the threshold for a clinically meaningful deterioration. In the T‐DM1 arm, the scales with the largest mean changes from baseline (ie, greatest deterioration) at cycles 5 and 11 were constipation, cognitive functioning, systemic therapy side effects, appetite loss, and fatigue. Mean scores generally returned to baseline levels after discontinuation of study treatment (Supporting Table [S2](#cncr32873-sup-0001){ref-type="supplementary-material"}). The scales with the greatest deterioration at follow‐up months 6 and 12 were cognitive functioning, dyspnea, and constipation. However, as noted, these mean changes were less than the clinically meaningful deterioration thresholds for each scale. It should also be noted that for later time points, data are available only for patients who remained enrolled in the study.

![Mean change from baseline over time in QLQ‐C30 scale scores for (A) global health status, (B) cognitive functioning, (C) physical functioning, and (D) fatigue. Patients who switched from T‐DM1 to trastuzumab (n = 73) are not represented. Vertical lines indicate 95% CIs. DC, discontinuation; FU, follow‐up; H, trastuzumab; QLQ‐BR23, Quality of Life Questionnaire breast cancer module; QLQ‐C30, Quality of Life Questionnaire--Core 30; T‐DM1, trastuzumab emtansine.](CNCR-126-3132-g002){#cncr32873-fig-0002}

Seventy‐three patients discontinued T‐DM1 because of adverse events and switched to trastuzumab. At the time of trastuzumab completion/early discontinuation, similar mean change scores were observed between patients who switched and patients who were randomly assigned to the trastuzumab arm, and these were less than the minimal clinically important difference across the 9 symptom scales (including financial difficulty) in the QLQ‐C30 and the 4 symptom scales in the QLQ‐BR23 (data not shown).

Clinically Meaningful Deterioration at Any Assessment {#cncr32873-sec-0011}
-----------------------------------------------------

A higher proportion of patients in the T‐DM1 arm reported a clinically meaningful deterioration during at least 1 assessment time point in the study in role functioning (49% vs 41%), appetite loss (38% vs 28%), constipation (47% vs 38%), fatigue (66% vs 60%), nausea/vomiting (39% vs 30%), and systemic therapy side effects (49% vs 36%) compared with patients in the trastuzumab arm (Table [2](#cncr32873-tbl-0002){ref-type="table"}). A lower proportion of patients in the T‐DM1 arm reported clinically meaningful deterioration in diarrhea during at least 1 assessment time point in the study compared with the trastuzumab arm (22% vs 27%). More than 50% of patients reported a clinically meaningful deterioration during at least 1 time point in fatigue (T‐DM1 66%, trastuzumab 60%), cognitive functioning (T‐DM1 60%, trastuzumab 57%), and pain (T‐DM1 58%, trastuzumab 53%).

###### 

Patients Reporting a Clinically Meaningful Deterioration in Selected Scales at Any Assessment Time Point

                                                                 Trastuzumab (n = 743), n (%)   T‐DM1 (n = 743), n (%)   Difference Between Arms, Percentage Points (95% CI)
  -------------------------------------------------------------- ------------------------------ ------------------------ -----------------------------------------------------
  QLQ‐C30                                                                                                                 
  Evaluable patients[^a^](#cncr32873-note-0007){ref-type="fn"}   612                            640                      ---
  GHS/QOL                                                        255 (42)                       290 (45)                 4 (−2 to 9)
  Function scales                                                                                                         
  Cognitive functioning                                          346 (57)                       386 (60)                 4 (−2 to 9)
  Physical functioning                                           206 (34)                       247 (39)                 5 (0 to 10)
  Role functioning                                               253 (41)                       315 (49)                 8 (2 to 13)
  Symptom scales and items                                                                                                
  Appetite loss                                                  169 (28)                       244 (38)                 11 (5 to 16)
  Constipation                                                   233 (38)                       300 (47)                 9 (3 to 14)
  Diarrhea                                                       166 (27)                       139 (22)                 −5 (−10 to −1)
  Dyspnea                                                        249 (41)                       286 (45)                 4 (−1 to 9)
  Fatigue                                                        370 (60)                       423 (66)                 6 (0 to 11)
  Nausea/vomiting                                                181 (30)                       247 (39)                 9 (4 to 14)
  Insomnia                                                       297 (49)                       313 (49)                 0 (−5 to 6)
  Pain                                                           327 (53)                       372 (58)                 5 (−1 to 10)
  QLQ‐BR23                                                                                                                
  Symptom scales                                                                                                          
  Hair loss                                                                                                               
  Evaluable patients[^a^](#cncr32873-note-0007){ref-type="fn"}   44                             43                       ---
  Any hair loss                                                  15 (34)                        12 (28)                  −6 (−26 to 13)
  Systemic therapy side effects                                                                                           
  Evaluable patients[^a^](#cncr32873-note-0007){ref-type="fn"}   610                            638                      ---
  Patients with side effects                                     217 (36)                       310 (49)                 13 (8 to 18)

Abbreviations: GHS, global health status; QLQ‐BR23, Quality of Life Questionnaire breast cancer module; QLQ‐C30, Quality of Life Questionnaire--Core 30; QOL, quality of life; T‐DM1, trastuzumab emtansine.

Number of patients with valid baseline and at least one postbaseline assessment.

John Wiley & Sons, Ltd

The proportions of patients reporting a clinically meaningful deterioration in the QLQ‐C30 and QLQ‐BR23 scales by assessment time are shown in Figure [3](#cncr32873-fig-0003){ref-type="fig"} and Supporting Table [S3](#cncr32873-sup-0001){ref-type="supplementary-material"}. By the 6‐month follow‐up assessment, the proportion of patients reporting a clinically meaningful deterioration in symptoms and function was similar in each arm, with the exception of role functioning, for which more patients in the T‐DM1 arm had a clinically meaningful deterioration compared with the trastuzumab arm (23% vs 16%, respectively). This was maintained at the 12‐month assessment. However, it should be noted that data are available only for patients who remained enrolled in the study.

![Proportion of patients reporting a clinically meaningful deterioration at each assessment point for (A) role functioning, (B) appetite loss, (C) constipation, (D) diarrhea, (E) fatigue, (F) nausea/vomiting, (G) systemic therapy side effects, (H) physical functioning, and (I) cognitive functioning. Data for all scales are shown in Supporting Table [S2](#cncr32873-sup-0001){ref-type="supplementary-material"}. DC, discontinuation; FU, follow‐up; T‐DM1, trastuzumab emtansine.](CNCR-126-3132-g003){#cncr32873-fig-0003}

Discussion {#cncr32873-sec-0012}
==========

The randomized, phase 3 KATHERINE trial demonstrated significantly improved invasive disease--free survival with adjuvant T‐DM1 compared with trastuzumab in patients who had residual invasive disease following neoadjuvant chemotherapy plus HER2‐targeted therapy.[^6^](#cncr32873-bib-0006){ref-type="ref"} Compared with trastuzumab, T‐DM1 was associated with an increase in certain adverse events, including fatigue, nausea, decreased platelet counts, and increased liver enzymes. The current analysis demonstrated that despite the difference in adverse events, GHS and functioning were generally maintained in both arms over treatment. Mean scores showed a small deterioration from baseline in patient‐reported treatment‐related symptoms in both arms, but all were less than the clinically meaningful deterioration thresholds.

More than 50% of patients in both arms reported a clinically meaningful deterioration at some point in fatigue, cognitive functioning, and pain. More patients receiving T‐DM1 reported clinically meaningful deterioration at some point in certain symptoms, including appetite loss, constipation, fatigue, and nausea/vomiting. This is consistent with adverse event reporting, demonstrating an increased incidence of these adverse events in the T‐DM1 arm. Nonetheless, proportions of patients reporting a deterioration in treatment‐related symptoms were similar for both groups by the 6‐month follow‐up visit in all scales but role functioning. It should be noted that data are only available from patients who completed the assessments at that time point; thus, data from patients who discontinued because of adverse events are not included.

Due to its composition of trastuzumab plus the cytotoxic agent emtansine, T‐DM1 has been evaluated as a replacement for regimens consisting of an anti‐HER2 agent plus a cytotoxic agent in HER2‐positive breast cancer. These trials have demonstrated superior QOL outcomes with T‐DM1 compared with the conventional cytotoxic‐containing regimens.[^15^](#cncr32873-bib-0015){ref-type="ref"}, [^16^](#cncr32873-bib-0016){ref-type="ref"}, [^17^](#cncr32873-bib-0017){ref-type="ref"}, [^18^](#cncr32873-bib-0018){ref-type="ref"} In the neoadjuvant setting, fewer impairments were reported on the QLQ‐C30 or QLQ‐BR23 among patients receiving T‐DM1 plus pertuzumab compared with trastuzumab plus pertuzumab, docetaxel, and carboplatin in the phase 3 KRISTINE trial.[^15^](#cncr32873-bib-0015){ref-type="ref"} The KATHERINE study compared T‐DM1 with a nonchemotherapy option. In this setting, a higher number of adverse treatment effects were expected with T‐DM1 versus trastuzumab due to the chemotherapy component of the T‐DM1 molecule. As reported with the primary results, patients receiving T‐DM1 did experience a greater incidence of adverse events compared with patients receiving trastuzumab alone. However, the PRO measures demonstrated largely similar QOL between the treatment arms, and the clinically meaningful deterioration observed at some time points typically resolved within 6 months. The symptoms for which a greater proportion of patients receiving T‐DM1 demonstrated clinically meaningful deterioration were largely consistent with the adverse events reported in the trial and the safety profile of T‐DM1.[^6^](#cncr32873-bib-0006){ref-type="ref"}

The strengths of our analysis include the fact that the comparison of PRO outcomes using the QLQ‐C30 and QLQ‐BR23 was a prespecified objective of KATHERINE and that the QOL data were provided by \>80% of patients during treatment and \>70% of those remaining in follow‐up at 6 months and 1 year. A limitation of this analysis is the open‐label design of the KATHERINE study and the lack of data availability in T‐DM1--treated patients who discontinued the study early because of adverse events.

In conclusion, adverse events associated with adjuvant T‐DM1 appeared to have a minimal impact on patient‐reported QOL. The mean change from baseline scores was generally similar between treatment arms and was below the clinically meaningful deterioration thresholds, suggesting that baseline levels of functioning and QOL were largely maintained over the course of treatment. While more patients in the T‐DM1 arm reported clinically meaningful deterioration at some point in the study in several symptoms and functioning scales, by the 6‐month follow‐up assessment, the proportion reporting clinically meaningful deterioration was generally similar in each arm. These data from the KATHERINE study, together with the demonstrated superior efficacy of T‐DM1 compared with trastuzumab in patients with HER2‐positive residual invasive breast cancer after neoadjuvant chemotherapy and HER2‐targeted treatment, support T‐DM1 as the treatment option of choice in this setting.
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